A urine contaminant concentration per se has uncertain meaning for human health because of dilution by hydration. However, the estimation of the health-related daily intake dose of pollutant (mg/kg/day) that equilibrates with a spot urinary concentration of a pesticide residue or metabolite, or other analyte, can be made using creatinine-corrected toxicant levels (mg analyte/mg creatinine) multiplied by an estimate of the subjects' expected creatinine excretion rates (mg creatinine/kg/day). The objective was to develop a set of equations predicting a person's expected daily creatinine excretion (mg/kg) as a function of age, gender, race and morphometry, from birth to old age. We review the creatinine excretion literature where infants, children and adults provided 24 h total urine samples for creatinine analysis. Equations are developed for infants (r3 years), children (3-18 years) and adults (Z18 years) that match at 3 and 18 years. A series of equations that estimate daily creatinine excretion (mg/day) are developed that are piecewise continuous from birth through infancy through adolescence and through adulthood for males and females, and Black and White races. Complicating factors such as diet, health status and obesity are discussed. We propose that these equations, with caveat, can now be used with measured urine concentrations to consistently estimate the corresponding equilibrium intake doses of toxicants at ages from birth to 92 years for the healthy non-obese. We recommend that this system of equations be considered for future development and reporting of applied doses in mg/kg/day of pollutants and toxicants that are measured in urine samples, as in the National Health and Nutrition Examination Survey.
Introduction
The Centers for Disease Control and Prevention (CDC) National Center for Health Statistics (NCHS) conducts the National Health and Nutrition Examination Study (NHANES), in a probability sample of the non-institutionalized civilian population of the United States on a continuing basis. As part of the NHANES, blood and spot urine samples are collected from a random subset of the NHANES probability sample and are analyzed for creatinine and toxicants, including pesticide metabolites and residues, described together as pesticide analytes (Barr et al., 2005) . The US Environmental Protection Agency (USEPA, 2003) recognizes the value of the NHANES data and encourages their use as indicators of exposure to environmental pollutants. These values are reported in units of mg/dl blood serum, mg/l urine and mg/g creatinine in the urine. Interpretation of these values for pesticides is made difficult because, by themselves a concentration in blood or urine may not be directly related to a health effect. Alone, urinary contaminant data are of uncertain value because of the highly variable dilution caused by wide fluctuations of fluid intake.
The USEPA establishes reference doses (RfD) for pesticides and other chemicals representing the daily intake in mg/kg body weight over a 70-year lifetime that is not expected to be associated with an adverse health effect. These values are estimated from human and animal studies, and include several safety factors that account for interspecies differences and intraspecies variability. Thus, there is interest in relating urine or blood concentrations of pesticides in the population to exposures of pesticide residues and to how these exposures relate to the RfD. Replicable children's creatinine correction methods extend the work previously completed for adults (Mage et al., 2004) and the usefulness of NHANES human biomonitoring data on pesticides for regulatory risk analyses and indicator development, by reduction of uncertainty in single spot urine sampling reported as concentration alone.
There are two possible independent approaches to relate the NHANES blood serum and urinary analyte measurements to an RfD for a parent pesticide:
1. By physiologic-based pharmaco-kinetic modeling. One can estimate the equilibrium or ''biological equivalent'' blood serum contaminant concentration (mg/dl), which would result from a constant daily dietary intake at the RfD level (Timchalk et al., 2002; Hays et al., 2007) . With a physiologic-based pharmaco-kinetic (PBPK) submodel of renal clearance and an assumption of the daily fluid intake (l/day), estimate the average daily urinary contaminant concentration, mg/l, which would be excreted in equilibrium with the calculated blood serum contaminant concentration. Then the measured serum value (mg/dl) or urine value (mg/l) could be compared to those reference values corresponding to the RfD (Rigas et al., 2001) .
2. By creatinine correction. One can convert the urinary analyte per mg of creatinine into an equilibrium daily excretion of the pesticide analyte that corresponds to a daily intake (mg/kg/day) for comparison with the RfD level of the parent pesticide (Boeniger et al., 1993; Mage et al., 2004) . Creatinine is a natural metabolic product of creatine that occurs in muscle tissue and an approximately constant amount of creatinine is produced daily with additional excretion of dietary creatinine and metabolized dietary creatine. It is a molecule of moderate size (MW ¼ 113.12) that can be filtered and secreted by renal processes. It is mainly eliminated from the blood by glomerular filtration and to a lesser extent by tubular secretion. This leads to possible nonlinearities if other larger ligand molecules (e.g., drugs, such as penicillin) compete with creatinine for the same chaperone proteins that accompany the creatinine when it is secreted through the renal tube walls, and a transport maximum is reached.
One could also use expected 24-h urine volume to scale up a spot urine sample concentration value. However, ''within an age group, the daily volume of urine probably increases with body size '' (ICRP, 1975) , and the daily variability of fluid intake and seasonality of mean fluid intake makes these values much more uncertain than creatinine excretion (CE) rates. The ICRP (1975) (Figure 71 ) reports the range of lower to upper limit of urine excretion values for adult males as 0.5-3.0 l/day. Comparing the 5-95 percentile ranges in male children (9-13 years), the daily urine volume variability is 12-43.2 ml/kg (Mattsson and Lindstrom, 1995) , which is twice as large as the daily CE variability of 11.3-27.7 mg/kg (Remer et al., 2002) .
The latter creatinine approach is simpler than the PBPK approach, and it has been utilized by Mage et al. (2004) for male and female adults (18oageo92 years) with the daily adult CE relationships of Cockcroft and Gault (1976) . They compared the urinary pesticide analyte concentrations in NHANES III to RfD for the appropriate parent pesticide. Blount et al. (2006) also applied their equations to NHANES 2001-2002 adult urinary perchlorate data.
In this study, we extend this technique to children in the age range 0-3 and 3-18 years using the tabulated CE values of Viteri and Alvarado (1970) and Remer et al. (2002) , respectively, on White (non-Hispanic) children. NHANES recently reported data by race as non-Hispanic White, nonHispanic Black and other races combined (e.g., Pacific Islander, Eskimo and Asian), and by all races with Hispanic ethnicity. A racial correction factor is introduced to account for the higher lean-body mass (LBM) and CE rate of nonHispanic Black adults and older non-Hispanic Black children as they approach adulthood, but no factor, if needed, is available for other NHANES ethnicity groupings; for example, Mexican-American and other Hispanic adults and children. Ethnicity, like race, is self-reported and alone it is not expected to have a major influence on musculature. In the following sections, ''Black'' will refer to non-Hispanic Black subjects and ''White'' will refer to non-Hispanic White subjects as defined within NHANES. Cachexia (wasting diseases) and obesity are important modifying factors in CE estimation for all races and corrections for their effects are discussed.
We address the necessary boundary condition that must be met for any analysis that compares children and adult exposures and doses. Because of sampling error in the happenstance choice of subjects and unavoidable experimental error in the analysis of creatinine and collection of 24-h total urine volumes, these child and adult equations do not mesh at 3 or 18 years, respectively. They must be made to coincide at these borders for consistency. This allows such a person to have their CE predicted the same way at 3 years whether from below as an infant or from above as a young child, and at 18 years from below as an adolescent and from above as an adult. We therefore sought to adjust these equations to create a set of equations F appropriately caveated for cachexia and obesity F that might follow a child from birth and infancy through childhood and into adulthood, that continuously closely approximate the individual and independent data sets that cover this entire range.
A subsequent paper will apply these creatinine corrections to convert NHANES pesticide analyte concentrations into pesticide intake doses in children and adults. The NHANES data are quality assured by CDC and NCHS and after careful review are made available as a public release data file. This file lists, for each subject sampled for pesticide and toxicant-related analytes, their race, age, gender, morphology (e.g., height, weight and waist circumference) and urinary creatinine concentration, along with a probability-based sample weight that can be used to extend their data to the general population of the US children and adults from which they are drawn.
Materials and methods
The ICRP (1975) (Figure 72 ) summarizes the average data from birth to 100 years on excretion of creatinine (mg/day) as a function of gender. We use more detailed and recent CE data, which also report height and weight to allow individual subject variations to be modeled. Our equations, described below, predict median values similar to those reported by ICRP (1975) (e.g., 1.9 g creatinine/day for a 20-year-old male of unspecified race, height and weight). Viteri and Alvarado (1970) report expected child CE rates from birth (35.5 mg/day at a length of 50 cm) to an age of 8.5 years (616.6 mg/day at a height of 129 cm) as derived from the data of Daniels and Hejinian (1929) on healthy White children. We use these data between birth and 36 months of age (96.2 cm height) for males and females, as shown in Figure 1 . Remer et al. (2002) measured daily CE (mg/day) and morphometry (height, weight and LBM) of White German children, 3-18 years old. Appropriate quality control procedures were applied and if any suspicion arose that a urine collection was not complete, those data were discarded. Smoothed CE data were tabulated and reported for both genders as a function of height from 90 to 186 cm (male) and from 90 to 172 cm (female) in 2 cm steps, as shown in Figure 1 . All children consumed presumably omnivorous self-selected diets so no control was placed on the amount of red meat intake that contributes to a child's daily CE.
The relationships developed based on these data can be applied to the NHANES pesticide analyte data for White children to report the expected pesticide dose that would equilibrate with those analyte values. Koch et al. (2006) have also used these same CE data to estimate average daily intake of di-n-butylphthalate and butylbenzylphthalate in German children based on their urine analyses.
The estimated CE rate from 18 years through adulthood has been reported (Mage et al. 2004 ). They used a derivation based on the creatinine clearance equations of Cockcroft and Gault (1976) , who measured 24-h urine collections for 249 male and 18 female adults in the age range from 18 to 92 years. These authors did not mention the race of their subjects, but because the study was carried out in the early 1970s at a Veterans Hospital in Montreal, Canada, we assume that they were predominantly of White race. These 267 subjects were medical ward patients who gave two 24-h urine collections. Subjects rejected from the analysis had either unstable serum creatinine, duplicate CE values that differed by more than 20% or a CEo10 mg/kg/day. The latter exclusion controls for the presence of muscle wasting diseases such as Duchenne muscular dystrophy (Franciotta et al., 2003 ) and Cushing's syndrome (Hatton et al., 1989) , as they would significantly reduce the patient's CE rate.
Results

CE for Ages 0 (Birth) to 36 Months
CE rates are reported for well-nourished White children (Viteri and Alvarado, 1970; Viteri et al., 1971 ) that range from 35.5 mg/day for a 50-cm length at birth (0 month) to 250 mg/day for a 36-month-old child of 96.2 cm height. We note that there appears to be a rapid increase in CE rate between birth and 3 months and a lower rate of increase from 3 to 36 months. We therefore fit these ranges with two Eqs.
(1) and (2), constrained to match each other at 3 months: CE mg=day ¼ 36 þ 10:33 ðageÞ; ageo3 months ð1Þ CE mg=day ¼ 67 þ 5:47 ðage À 3Þ; 3oageo36 months ð2Þ
These equations apply equally to male and female, both Black and White, because in infancy there is virtually no difference in musculature development between the races and genders (ICRP, 1975) .
CE for Ages 3-18 Years
Smoothed 24-h CE values of White male and female children, aged 3-18 years, as a function of height are reported by Remer et al. (2002) as shown in Figure 1 . We analyzed this daily CE (mg/day) as a function of height (cm) in three ways: CE vs. Ht; log(CE/Ht) vs. Ht; CE/Ht vs. Ht. For males, the relation CE/Ht vs. Ht gives the best fit (maximum correlation) with slope and intercept shown in Table 1 . For females the relation log(CE/Ht) vs. Ht has the optimal fit shown in Table 1 over the complete range of heights from 90 to 172 cm.
There is a discontinuity in the rate of change of male CE at 168 cm. Therefore, two separate models, Eqs. (3a) and (3b), are used below and above that height, respectively, and Eq. (4) and (4b) can be extrapolated to male heights over 186 cm and female heights over 172 cm, respectively. The median height and weight for the US boys and girls as a function of age from age 2 through 20 years are reported by Kuczmarski et al. (2000) . With these data the continuous change of CE with age can be estimated for children of median stature, and combined at age 18 years and above with their adult estimates.
It should be noted here that these expected values are ecologic and not specific to any particular child that Remer et al. (2002) sampled. They are our model of their best estimates of the average daily CE of White children of a given gender and height in the age range of 3-18 years. These equations give results that are similar to a previously reported ecologic equation (Institute of Algorithmic Medicine, 2006, based on the data of Viteri and Alvarado (1970) ) for both male and female daily CE (mg/day) ¼ (252/ Ht)À8.01 þ 0.0817 Ht, with height in cm, age from birth to 8.5 years. This similarity supports the use of creatinine correction as being more stable than a volume correction (estimated daily volume of urine to scale up a single void sample) that may lead to a higher estimate (Koch et al., 2006) . (5) and (6) for CE of White adult males and females, respectively, from the models of Cockcroft and Gault (1976) for their non-obese subjects (Wt, kg; Ht, cm 
CE for Ages 18-92 Years
Adjustment of Equations (1)- (6) for Continuity
Given the three data sets we used were determined independently, there is a necessary boundary condition that they must satisfy for consistency. At age 18 years, the upper asymptote of the CE equations (3a), (3b) and (4) for the children must match CE equations (5) and (6) for the adult at their lower asymptote. We have investigated this boundary condition as follows: Eqs. (3a), (3b) and (5) for these males match identically at age 18 years and a height of 168 cm for a weight of 49.3 kg, which is below the normal US range for that height. The median height and weight for the 18-year-old US male are 176 cm and 67 kg, respectively (Kuczmarski et al., 2000) . Under these conditions the child Eq (3b) predicts 1462 mg/day and the adult Eq. (5) predicts 1713 mg/day.
We suggest adjusting the adult's equation down and the children's equation up so that they both predict the same average value at 176 cm and 67 kg, of (1462 þ 1713)/2 ¼ 1587 mg/day. The child's equation estimated is scaled up by a factor of 1587/1462 ¼ 1.085. The adult's equation estimate is scaled down by a factor of 1587/1713 ¼ 0.926.
We also evaluate female Eqs. (4) and (6) for an 18-yearold child and adult, respectively, at the US female median height of 164 cm and median weight of 56 kg. The adult estimate is 1074 mg/day and the child estimate is 1058 mg/day, with an average of 1066 mg/day. Reducing the adult female estimate by a factor of 1066/1074 ¼ 0.993 and increasing the child estimate by 1066/1058 ¼ 1.008, we obtain the factors shown in the "smoothed" set of CE equations for children and adults in Table 2 .
We then also need to adjust the child equations of Viteri and Alvarado (1970) and Remer et al. (2002) in Table 2 so that they both predict the identical CE at an age of 3 years for males and females. Equation (2) predicts at 36 months a CE of 247 mg/day. The Remer et al. (2002) Eqs. (3a), (3b) and (4) in Table 2 for males and females at age 3 years, at the median US heights of 95 and 94 cm, respectively, predict CE values of 221 and 204.5 mg/day, respectively.
The Remer et al. (2002) equations are based on more modern creatinine analysis techniques (2002 vs. 1929 ). The Folin creatinine procedure used by Daniels and Hejinian (1929) did not correct for a positive bias from non-creatinine chromogens in urine. Thus, we propose to adjust the Viteri and Alvarado (1970) equations for male and female by Table 2 are written showing each correction factor for the reader to be able to readily follow our continuity-smoothing procedures. Note that in Remer et al. (2002) , their youngest female children at heights 90-96 cm had higher smoothed CE rates than males of similar height. Although this difference is not expected and may be caused by dietary differences and small sample size (n ¼ 3 male, n ¼ 13 female), we use these smoothed data as published. Figure 2 shows the application of the CE equations in Table 2 for White males at the median weight for age and height. The CE, (in mg/kg/day), increases from birth to age 18 years with the median US adult height of 167 cm and weight of 76 kg (non-obese body mass index (BMI) ¼ 27.3), which is assumed constant throughout adulthood to an age of 92 years, the upper age limit of the Cockcroft and Gault (1976) sampled population. No correction is made for the expected decrease in weight and height that occurs at older ages (ICRP, 1975) .
The CE increases monotonically until full growth is attained, at which point there is a gradual decrease of musculature with aging, leading to a decline through the term (140 F age (years)). ICRP (1975) reports full body growth at age 20 years, but Cockcroft and Gault (1976) grouped their data as ages 18-29 years and the Remer et al. (2002) data did not extend to 20 years, so we are unable to model accurately this maximum region. In Figure 2 , the unconnected infant, child and adult data segments are shown for comparison.
Discussion
These above results are ecologic in nature and apply to an average healthy and non-obese White person of the given age, gender, height and weight. Ascites (serous fluid retention in the abdominal cavity), cachexia (muscle wasting diseases) and anorexia, may cause CE to be significantly lower than the predictions based on presumably healthy subjects. In addition, there are important corrections that can be made, such as for Black race and deviation from normal morphology such as morbid obesity, that are discussed in the following sections.
Increased CE Rates of Higher LBM Black Populations
Young Black adults have on the order of 20% greater LBM than a White adult of similar age, gender and height and weight, and have a correspondingly higher CE rate (James et Creatinine values in male subjects (Daniels and Hejinian, 1929) are assumed identical to the values in female subjects by Viteri and Alvarado (1970) .
Modified to match at 3 and 18 years at median heights and weights for the US children (see Eqs. (13) and (14) for corrections when child's weight is not the median weight for age). National Kidney Foundation, 2006). As aging progresses there may be a decline in the excess LBM of Black adults relative to White adults of similar gender, age and morphometry. However, in the absence of data on this effect of aging, we assume that the excess of Black CE compared to White CE continues throughout adulthood.
There is an indication of a similar increased CE for Black children compared to White children, both at age 10 years. ''However, after adjusting for body weight, differences in CE were nonsignificant'' (Pratt et al., 1993) . This lack of an excess Black CE rate is expected in prepubescent children and it increases to the adult CE value of order 20% excess as their adolescent musculature fully develops with approaching adulthood. Thus, the above CE Eqs. (3a), (3b) and (4) may not apply similarly to both Black and White children after they reach puberty. Remer et al. (2002) report that their sample of German White males reach their maximum rate of growth at a mean age of B16.5 years, consistent with the US data of Kuczmarski et al. (2000) , confirming that the period from 15 to 18 years is one of rapid increase in musculature. We therefore introduce a multiplicative correction factor of [1 þ 0.045 (ageÀ14) B], where B ¼ 1 if Black and B ¼ 0 if non-Black, for ages 15-18 so that at age 18 years the correction factor is 1.18 as reported for Black adults (Levey et al., 1999; Palmer, 2004) . There is an indication that Mexican-American adults may also have a higher CE rate than White adults in the NHANES III Study (Mattix et al., 2002) , but because these results are not standardized by age, gender, height and weight, they are not used here to justify a Hispanic correction factor for the White CE equations at this time.
In a following paper, these equations for Black and nonBlack (White and Hispanic) children are applied to the NHANES 2001-2002 children's pesticide data. In addition, we compare the race-corrected adult results to the urinary perchlorate data, analyzed by Blount et al. (2007) for adults 20 years and older using the equations (Mage et al., 2004) without the corrections for Black race.
Effects of Diet on CE
Creatinine measurements made on human subjects are influenced by dietary red meat intake. Its parent creatine is also a food additive sometimes used with exercise when a person is trying to increase muscularity. Seasonal variations in physical exercise and dietary intake of red meat containing creatine and its metabolite creatinine do not appear to create a seasonal variation in CE rates (Robertson et al., 1975) . However, daily variations in exercise and red meat intake can lead to variable CE rates from day-to-day for the same person with a coefficient of variation (s/m) of 13% (Greenblatt et al., 1976) . Diurnal fluctuations of order 5%-10% from the 24-h mean value in CE have been noted and related to meal patterns where red meat was ingested (Pasternack and Kuhlba¨ck (1971) . Subjects following a vegetarian diet are identified in NHANES, and their CE rate will be lower than for an omnivorous subject with the same age, gender, race and morphology. Consequently, the CE data reported by Remer et al. (2002) for children and Cockcroft and Gault (1976) for adults may have had wider confidence intervals than one would associate with a study where dietary red meat intake per kilogram body mass was a constant. Table 3 shows the wide person-to-person variability of measured CE of White male children, perhaps due to the sampling error associated with a small number of children sampled per cell and differences in amounts of red meat in recent meals of the subjects prior to and during their 24-h urine collection. These data do not constitute random probability samples of all White children in their categories of age, gender, weight and height, so there may also have been some selection bias.
Effects of Sample Error and Creatinine Measurement Error
It is expected that taller and heavier children will usually excrete more creatinine per day but that is not observed in this small sample (see following discussion on the effect of obesity). However, Remer et al. (2002) have smoothed their data (see Table 3 , column 6) so that their final best estimates shown are consistent with the expectation that metabolic creatinine production increases with body mass, and the heat loss from the body surface area (BSA) increases with height and weight. They found their daily CE rate based on BSA correlated with age (r ¼ 0.73) better than when based on LBM (r ¼ 0.49) or body weight (r ¼ 0.45). However, there is controversy whether creatinine clearance should be normalized to BSA or LBM (Hallynck et al., 1981) , and LBM is discussed in the following section on obesity. The different offsets between Cockcroft and Gault (1976) and Remer et al. (2002) for male and female can possibly be due to a combination of a small female sample (Cockcroft and Gault, n ¼ 18) and different methods of creatinine analysis. Remer et al. (2002) used a kinetic Jaffe´analysis by a Beckmann-2 creatinine analyzer (Beckmann Instruments, Fullerton, CA, USA) and Cockcroft and Gault (1976) used the Jaffe´analysis via the autoanalyzer method N-11B (Technicon Instruments, Tarrytown, NY, USA) for urine and blood serum creatinine analysis. The method N-11B corrected the Jaffe´analysis for non-creatinine chromogens by their differential rates of color development (Fujiwara et al., 1997) so that it may not have been the cause of the overprediction relative to Remer et al. (2002) at the same age and height.
Effect of Obesity on Creatinine Estimation
Obesity can be related to a (BMI ¼ Wt (kg)/(Ht(m))
2 )430. This is not a strict definition because a subject, such as a body builder, could have a high BMI and not be considered obese. NHANES measures and reports waist circumference, and measures of skinfold thicknesses at the triceps and subscapular, that can be combined with BMI to separate the muscular from the obese. An excessive increase in weight at a fixed height if caused only by ascites (abdominal fluid retention) or by an increase in adipose tissue (non-LBM) has no direct impact because serous fluids and adipose tissue metabolism do not produce creatinine. Consequently, use of the Cockcroft and Gault (1976) relations for obese adults (male420% body fat and female430% body fat) tends to significantly overestimate CE, and those authors stated ''a correction to lean or ideal body weight is advised when these abnormalities [ascites and obesity] are pronounced.'' Such correction for CE in the obese may be made using estimates of their LBM. The LBM may be computed from weight and weight while submerged in water, or by bioelectric impedance analysis (Segal et al., 1988) . It may also be estimated by use of charts and tables that predict the ideal weight-for-height (Stavig et al., 1984) . James (1976) proposed Eqs. (7) and (8) 
The ideal weight for height (LBM) could then be substituted for measured body weight in the child and adult Eqs. (3-6) when indications of obesity are reported. Snider et al. (1995) report the least biased CE rates for the obese (race not specified) can be estimated by Eqs. (9) and (10) derived from those of Salazar and Corcoran (1988) Male mg=kg À day ¼ ð137 À AgeÞ ð0:0805 þ 3:42=BMIÞ ð 9Þ
Female mg=kg À day ¼ ð146 À AgeÞ ð0:081 þ 2:75=BMIÞ ð 10Þ
Equations (5) and (6) for adults, based on Cockcroft and Gault (1976) , adjust for the increase in BSA of the non-obese due to changes in height and weight from a reference BSA of 1.73 m 2 . However, when the increase is due primarily to adipose tissue, Eqs. (5) and (6) overpredict the obese subjects' CE rates, and we suggest that in studies with obese subpopulations such LBM corrections are made.
We use the Cockcroft and Gault (1976) White adult equations that include BSA as a variable. An increase in body weight at fixed height increases the BSA resulting in additional heat loss. This leads to a need for more metabolic energy production that releases additional creatinine. After 6 months an infant's renal function begins to be predicted by BSA (USEPA, 2005) but we ignore this effect below 3 years of age. Remer et al. (2002) analyzed their CE data normalized to 1.73 m 2 BSA but did not provide any equations or tables with their results. We therefore introduce a correction for the body weight and BSA. Mage et al. (2004) assumed that the BSA correction to the CE per unit weight is approximately proportional to the square root of the weight (Mosteller, 1987) ; therefore, an 186-cm tall 85-kg male will have only a 6% higher CE/kg relative to the median weight of 75 kg. This holds provided that the 10-kg weight increase consists of the same proportion of LBM as for the 75-kg male of the same height and it is not all adipose tissue. The increase in BSA would then account for the 6% increase in daily CE per kg body weight. However, if the 10-kg weight increase is all adipose tissue, then the Salazar and Corcoran (1988) Eqs. (9) and (10) predict that the CE mg/kg/day will decrease even though the BSA increases. Given the recent increases in childhood obesity, we recommend applying this correction effect for children's CE (mg/kg/day) between ages 3 and 18 years when a high BMI is noted.
In summary, we propose the use of a multiplier equal to the square root of the ratio of subject weight to the US median weight for height and age as a correction for BSA only in the non-obese. The median weights of the US male and female children (Kuczmarski et al., 2000) may be fit by cubic functions of age (Eqs. (11) and (12) 
